The study assessed the efficiency of the coagulation process of wastewater with petroleum hydrocarbons content, by using mixed coagulants derivatives of polyaluminum chloride, (characterized by the molar ratio OH : Al = 2.4), mixed with various amounts of chitosan. Systematic study was conducted to define the mixed coagulant, respectively chitosan:polyaluminum chloride product, by relating its two components, within the context of optimal dosage used in the coagulation process, determined experimentally by the Jar Test method. The coagulation efficiency was examined by conventional parameters: pH, turbidity, COD, TOC, TPH (Total Petroleum Hydrocarbons) and the unconventional parameter -absorbance at wavelength 254 nm, A 254. Coagulation performance determined with the mixed chitosan -polyaluminum chloride coagulant was reported to the results obtained by coagulating with polyaluminum chloride in the absence of chitosan. The results suggest that the use of mixed chitosan -polyaluminum chloride coagulation agent, prepared at a ratio of chitosan : Al = 0.6, can significantly reduce the optimum dose of Al, more than 50%, and obtain treated samples with the same characteristics as the samples treated with optimal doses of polyaluminum chloride
Introduction
In the present study was assessed the removal efficiency of total petroleum hydrocarbon (TPH) from wastewater through a coagulation / adsorption stage using a mixed coagulating agent chitosan -poly aluminum chloride at a ratio chitosan: Al = 0.3 and 0.6, compared with process efficiencies done with PAC treatment. The competitiveness of the introduction of a spectrophotometric measurement parameter for a rapid organic load of the raw and treated water, A254, absorbance at 254nm wavelength, was assessed. Chitosan contains high amounts of compounds with hydroxyl and amine functional groups. Chitosan has great power to neutralize the charges and coagulate and also to absorb the pollutants, and is cheaper and more effective than other materials [1] [2] [3] . Currently, experimental studies are incomplete regarding the use of these materials for the removal of petroleum compounds from wastewater [3] . Wastes from shells and fish debris resulting in large quantities in various countries such as China, Thailand and Japan are considered precursors to obtain coagulating and adsorption agents, i.e. chitosan or chitin [1] [2] [3] . Using solid waste suitable for pretreatment of wastewater containing petroleum hydrocarbons can solve two problems, one related to the presence of large amounts of waste that can be recycled in pretreatment/treatment processes of wastewater and another problem to reduce costs on their treatment [4] [5] [6] [7] [8] .
Materials and Methods
In the study, wastewaters from petroleum oil extraction unit were collected. Wastewater was collected after the gravitational separation stage. Wastewater is treated by coagulation processes. The coagulation was performed with a stirrer with variable speeds (Phipps & Bird Company USA). The coagulant was poly-aluminum chloride (PAC), OH/Al= 2.4 molar ratio. The optimal dose (OD) of PAC coagulant in the absence /presence of chitosan was assessed by Jar Test method. The wastewater used for treatment was in volumes of 250 ml, in adequate vessels. Working conditions were: slow stirring for 15 minutes and gravitational sedimentation for 30 minutes. In the supernatant, were analyzed the following conventional parameters: pH using pH-meter model 290A ORION RESEARCH USA, turbidity with Micro 100 Laboratory Turbid meter, Scientific Inc. USA, COD by hot K dichromate oxidation in strongly acidic medium, TOC using TOC Analyzer Multi N/C2100 Analytic Jena, Germany, TPH were determined according to the Romanian norms, by extraction with solvent (SR 7877/2-95). The nonconventional parameter, the absorbance at 254 nm wave length (A245), was quickly analyzed by UVVIS spectrophotometer, Specord 205, Analytik Jena, Germany. Treated water samples must have the characteristics required by national norm HG 352/2005-NTPA 002 to be discharged into the sewerage networks of localities and directly in wastewater treatment plants: pH = 6.5-8.5,m maximum COD = 500 mgO2·L -1 , maximum TPH = 5 mg·L -1 [9] .
Results and Discussion
In Table 1 are shown the conventional parameters i.e.: pH, turbidity, COD, TOC, TPH and the nonconventional parameter -absorbance at λ = 254nm, A254 of the wastewater. The water sample contained TPH with 48-64% more than the admissible Romanian values to be discharged into the sewerage networks of localities and directly in wastewater treatment plants. The absorbance, A254, was in the range of 2.30 ±0.08 a.u. (absorbance unit) In Figure 1 we see that the optimal dose of coagulation agent can be determined in conjunction with the varying spectra of water treated with different doses of coagulating agent. Figure. 1 Selective absorbance spectrum evolution after Jar test application to establish the optimal dose for wastewater treatment with PAC coagulation agents
Chitosan: Al wastewaters coagulation.
In Table 3 are presented the characteristics of treated water obtained by coagulating with Chitosan: Al and coagulation process efficiencies. In figures 2 are shown two selective absorbance spectra evolution after Jar test application to establish the optimal dose for coagulation wastewater with coagulation agents chitosan: Al 0.3 ratio, and chitosan:Al 0.6 ratio. In Figure 2a and Figure 2b is seen that the optimal dose of the coagulation agent chitosan: Al can be determined in conjunction with the varying spectra of water treated with different doses of coagulating agent. If using chitosan: Al= 0.3 ratio as coagulant agent, the dose of Al is reduced with 37.5%. When using chitosan: Al= 0.6 ratio, as coagulant agent, the dose of Al is reduced by 52.5%. TPH reduction efficiency when using coagulation agent chitosan: Al =0.6 ratio, increases from 77.9% -efficiency obtained when using PAC in the absence of chitosan -to 91.8% in chitosan presence-(see figure 2) 
Conclusions
To improve the efficiency of the process of coagulation of wastewaters with high content of petroleum products, TPH, coagulating agents were used based on poly-aluminum chloride and materials obtained from shell and fish waste recycling, i.e. chitosan. The efficiency was assessed by conventional parameters: turbidity, COD, TOC, pH, TPH, and unconventional parameter, absorbance at 254nm wavelength, A254. The use of mixed coagulating agent chitosan: Al of 0.3 and 0.6 ratios respectively determined the reduction of PAC coagulant respectively the Al dose. In addition, high process efficiencies were obtained. Coagulation performance obtained with the coagulant chitosan: Al was reported to the results of the PAC coagulation in the absence of chitosan. The results show that using the mixed agent chitosan: Al = 0.6 ratio determined efficiencies of reduction of the optimal dose of PAC up to 52.5% and obtaining treated samples with top characteristics to the samples treated with optimal doses PAC. The correlation of the values of the conventional parameters of untreated/treated water with the unconventional parameter absorbance at wavelength 254, may allow the introduction of the A254 parameters, , in rapidly raw and treated water characterization monitoring and determining the efficiencies of the coagulation stage.
